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Abstract. In many drag reduction applications, polymer and organic fibre additives are mostly 
used because they alter the generation of turbulence at the core region. Nano-sized particles 
may able to reach the viscous region of the boundary layer and alter the internal turbulent 
structure near the wall. However, the challenge is that it is hard to find nano-sized organic 
particles in the market. This paper presents the preparation and characterisation of organic-
based nanoparticles to be dispersed in a base fluid as drag reduction additives.  Similar steps of 
nanoparticles preparation proposed by researchers were employed. The coarse powder of rice 
husk and raw samples of mango bark and mango leaves were ground using a domestic grinder. 
Then, the samples were further ground using planetary ball milling until reached nanoscale. 
The size of all samples was measured using Zetasizer. Then, all samples were ultrasonicated 
for three hours to de-agglomerate larger particles. It revealed that rice husk was able to produce 
61% intensity of nanoparticles after four hours of the dry milling, five hours of wet milling and 
three hours of ultrasonication. The mango bark and mango leaves formed the maximum of only 
6.7% and 4% intensity of nanoparticles after seven hours of wet milling and three hours of 
ultrasonication, respectively. However, mango bark and mango leaves remain stable after two 
months of observation, and rice husk showed significant sedimentation after two weeks of idle 
time. 
1. Introduction 
Drag reduction is a flow-alteration technique to minimise the frictional force resulting in the 
generation of turbulent structure which consumes great energy. Numerous methods have been 
suggested to reduce drag near to the wall and at the core region. The amendment of flow on the 
bounded wall by smoothing the wall using the superhydrophobic coating increases the viscous 
sublayer thickness, which delays the transition of laminar to turbulent boundary layer [1]. The vibrant 
wall produces negative spanwise vortices that reducing the mean velocity gradient near the wall region 
which inducing the turbulent generation at turbulent boundary layer [2]. Microbubble injection near-
wall deforms the boundary internal structure that may reduce drag [3]. The microbubbles have the 
drawback where it is unsteady and easy to crack which may create even larger drag force and noise. 
Among all the methods mentioned above, the dispersion of the drag reduction additive in a fluid is 
among the favoured method of drag reduction. The suspension of polymers with a long chain of 
monomer can block the production of eddies, diminish the frequency and rotational rate of vortexes 
[4]. Fibres which contain a formulation of networks between tangled fibre receive the hydrodynamic 
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interaction between coherent turbulent structure near the wall and the flow streamline that deflect the 
position of fibre and amend the orientation of the flow [5]. Aloe vera [6], okra [7], nata de coco [8], 
rice husk [9] and chitosan [10] are among organic-based polymers and fibres used as drag reduction 
additives. There are various types of organic-based materials were synthesized into micro- and nano-
sized particles for other research purposes such as wood pulp [11], palm kernel [12], banana stem [13], 
mango bark [14-16], coconut fiber [17, 18] and rice husk [19, 20]. Nano-sized organic-based particles 
were used in diverse researches. The existence of organic-based nanoparticle improved the 
thermophysical properties of the base fluid such as viscosity, thermal and electrical conductivity [12-
14]. Nano-additives in biodiesels is used to reduce the amount of emission and enhance the 
performance of a direct injection compression ignition engine [19, 20]. The nanoscale herbal phyto 
used to control the bacterial infection in fabric and as a UV-blocking to maintain the colour of the 
textile [21, 22]. At the same time, the organic source of nanoparticles will minimise the contributions 
on various emission scenarios not only toward the environment but also for human and aquaculture. 
Nevertheless, none in the literature used nano-sized organic-based nanoparticles as a drag reduction 
additive. The nano-sized particles dispersion may able to reach a viscous region of the boundary layer 
and alter the internal turbulent structure just like the benefits of the existence microbubbles layer near 
the wall.  
 Majority of the research of nanofluids utilised a single type or mixed types of synthetic based 
materials as nanoparticles dispersed in a base fluid. Synthetic nanoparticles can be easily purchased 
from various supplies locally and internationally. On the other hand, it is nearly impossible to find 
nano-sized organic-based nanoparticles in the market. Therefore, nano-sized organic-based particles 
need to be prepared in the laboratory. Nevertheless, the selection of the method to synthesis a raw 
organic-based material to become nano-sized particles is very crucial as the size and shape of 
nanoparticles influence the thermophysical properties and stability of nanoparticles [23].  
 There are two general methods used to produce nano-sized particles which are top-down method 
and bottom-up method [24]. The top-down method is used when the raw material in bulk size is 
reduced by various process. The size reduction of particles through mechanical and mechanochemical 
process is depending on the type and sensitivity of the samples towards ambience of experiment as 
well as the duration of the size reduction process. The mechanical process can be done through 
mechanical milling at below or room temperature. The process works on the collision between the 
milling balls and powder samples against the surface wall of the mill jar due to the centrifugal force. 
The ball milling process includes attrition ball mill, planetary ball mill, vibrating ball mill, low energy 
tumbling mill and high energy ball mill [25]. The mechanochemical process, on the other hand, is the 
process of the mixture between the mechanical and chemical phenomenon. It can be conducted using 
reactive atmosphere, under cryogenic condition or in the solvent [26]. The comminution of the 
samples from both processes are governed by many parameters including type of mill, type and size of 
ball mill, rotational speed of milling jar, temperature and duration of the milling process, the type of 
materials to be milled and the method of dry or wet milling process [26, 27]. The process of laser 
ablation and ion sputtering are also in this category [24].  The bottom-up method involved building up 
nanoparticles from the joints of atoms and molecules of materials constituents. The solid-state 
methods, liquid state synthesis methods, gas phase methods and biological methods are among 
examples of bottom-up methods. 
 The ball milling process is the most suitable method for organic-based material because it can be 
conducted at room temperature to preserve the texture of natural materials [25]. At the same time the 
ball milling process produces a homogenous compound [26]. For example, the coconut shell 
nanoparticles were produced using a top-down method of milling process. The bulk coconut shell was 
crushed using hardened steel crusher and disc grinder before it was milled for 70 hours until reached 
the nanoparticles size average of 50nm [28]. Table 1 shows a few examples of how the selected 
organic-based nanoparticles were prepared by using a ball mill for various applications. 
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 Despite the various parameters which are propositional the size reduction of the sample, 
researchers were not revealed all the settings used in their experiment. Raw materials of organic-based 
samples generally undergo ball milling process for a wide range of duration at the rotational speed in 
between 300 – 350 rpm. The grinding process was conducted in between 15 hours to 48 hours 
depending on the type of organic sample, type and size of ball mill to achieve the average particles 
size below than 100 nm to be called nanoparticles [29]. The optimum duration of the grinding process 
is required to avoid overheated and burnt of sample. The size characterisation can be done to monitor 
the production of nanoparticles. Nanoparticles will be diluted in a solvent through two-steps methods 
to produce a nanofluid [30]. Then, a sample of nanofluids which content a suspended nanoparticles 
will be observed through various techniques were used in the literature including zeta potential 
distribution [15] and particle size distribution (PSD) [15, 20, 22], monitor the sample morphology 
using scanning electron microscopy (SEM) [12, 14, 15] or transmission electron microscopy (TEM) 
[12, 15].   
 The size characterisation of nanoparticles can also be done through various techniques of stability 
test. The stability test was frequently used to monitor the nanoparticles dispersion. The sample is 
considered as nanofluid if the sample is dispersed uniformly and it is kinetically stable. The 
suspensions considered unstable when the particles were dispersed in a base fluid, and the particles 
were quickly settled at the bottom of the container. After a few minutes of resting time, the sample 
formed a well-defined two-phase form of liquid and solid particles in the same container. The stability 
test is essential for nanofluid to make it usable for heat enhancement and other engineering 
applications. The methods including of UV-visible spectroscopy, viscosity measurement, Zeta 
potential analysis, observation drop evaluation, sedimentation and centrifugation method, spectral 
absorbency method, electron microscopy and light scattering methods are among the favourite to 
observe the stability of nanofluid [12, 31]. However, the stability of nanofluid not only depends on the 
size of particles, the physical structure of nanoparticle, the usage of surfactant, the pH value of 
nanofluids and ultrasonication energy also influence the stability of the nanofluids [15, 17, 32].  
   Though few works in the open literature mentioned they produced organic nano-sized particles for 
various applications, it is not convincing as some of the paper mentioned nano-sized particles were 
produced after a specific duration of grinding process without any evident [16, 19]. Besides that, there 
are a few works of literature which proved the production of nanoparticles by displaying the images 
sample morphology in micro-sized scale which is 1000 times larger particles than nano-sized particles. 
Therefore, this paper will discuss in detail the process of preparing the nano-sized organic-based 
nanoparticles from rice husk, mango bark and mango leaves to be dispersed in a fluid as a drag 
reduction additive. Then, the sized of produced samples will be characterised by measuring the 
particles size dispersion at each milling hours. Finally, a flow of work for the synthesis of organic-
based nanoparticles will be suggested.   
 
2. Methodology 
The framework for the preparation of the nanoparticles from rice husk, mango bark and mango leaves 
are presented in figure 1. The organic-based samples will undergo three main steps, which are sample 
preparation, size characterisation and stability test.  
 
2.1.  Sample preparation 
Rice husk was obtained from a local supplier in the form of coarse powder. The sample of rice husk 
had an average particle size of 3764 nm. After collecting the rice husk particles, they were divided into 
two different samples called sample A and sample B. The amount of 30g of sample A was further 
ground using a domestic grinder for two hours with 3 minutes grinding and resting alternately. Then, 
the sample was sieved using a domestic sieve to separate the samples with larger particles. On the 
other hand, sample B with the weight of 10g was ground using Planetary Micro Mill (Fritsch, 
Pulverisette 7) in two grinding bowls with the volume of 40ml, each, by using dry grinding method. 
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The sample was ground in a constant rotational speed of 800 rpm with Zirconia grinding balls of 
diameter 5mm. The grinding process of sample B was held for 4 hours with 6 minutes of grinding and 
3 minutes rest, repeatedly before proceeding with size characterisation. Next, the weight of sample A 
and sample B were measured using a digital weighing balance (Mettler Toledo, maximum capacity: 
200g, accuracy: 0.0001g). The weights of sample A and sample B after grinding were 5 g and 1.77 g, 
respectively. Both samples were placed in two separate bowls, and they were ball milled using the wet 
grinding method by using ultra-pure water as a solver for seven hours until the average nano-sized of 
particles are obtained. The grinding process was alternately repeated with 6 minutes grinding and 3 
minutes resting time to avoid the samples from dry out and burning. 
 
 
 
 
 
Figure 1. The flowchart of organic-based nanoparticles preparation. 
 
Raw sample of mango bark and mango leaves were collected from a mango garden located in a 
small village at Kelantan, Malaysia Peninsula. Mango bark and mango leaves were cleaned using 
ultra-fine water to remove grit, dirt, impurities and unrequited particles [14, 15, 17]. Then, the samples 
were cut into small pieces and sun-dried for a few weeks to remove the moisture content in the 
samples. The samples were weighted and sundried repeatedly until the weight of both samples is 
constant. Next, samples were ground using domestic grinder until they become powder. Then, both 
samples were ground using wet milling with ultra-fine water for seven hours, with 6 minutes grinding 
and 3 minutes resting time before proceeding with size characterisation. Figure 2 shows the rice husk, 
mango bark and mango leaves samples in the wet grinding process in mill bowls after grinding process 
for one hour. 
 
Wet milling 
Particle sizing 
Ultrasonicating 
Particle sizing 
Particle sizing 
Stability observation 
Dry milling 
Coarse powder of rice 
Domestic grinding, sieve 
Cleaned, cut, sundried 
Raw mango bark and mango leaves 
Sample preparation 
Size Characterization 
Stability test 
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(a) Rice husk. (b) Mango bark. (c) Mango leaves. 
Figure 2. Wet grinding process. 
 
2.2. Size characterization 
Before the size characterisation process was performed, calibration test was conducted on the Zetasizer 
particle sizer (Malvern Panalytical Technologies, measurement range:  0.3 nm – 5 m in diameter, 
accuracy: 2% on Polymer microsphere in ultra-fine water, mean diameter = 100 nm  3 nm). The 
calibration test was conducted by three different individuals to observe human error while conducting 
particles size measurements. This test was necessary to identify the correct way to handle the 
measurement cell for sample measurements to minimalise the error and increase the accuracy of data 
measurement. This test will eliminate any mistakes during sample handling such as cuvette cleaning 
process, avoiding fingerprint and handle the test in a clean environment. This step gives a significant 
influence in data measurement using dynamic light scattering in Zetasizer. The intensity of particles 
reflected by the amount of scattered light fluctuations appeared from Brownian motion of the particles 
in the cuvette [33]. Therefore, it is essential to make sure that the measurement of scattered light 
fluctuations is from the samples ultimately. The polymer microsphere in water was used as a calibration 
specimen. The polymer microsphere has an average diameter of 100  3 nm. The result of the test for 
the average size of polymer microsphere diluted in water is presented in figure 3. The percentage of 
particles intensity for all tests shows that the human error is in between 2.6 – 13.6%  3%, which is 
acceptable for this research objective.        
 
  
 
(a) Average size of particles. 
 
(b) Particle size distribution. 
 
Figure 3. Calibration test of polymer microsphere in water. 
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In order to identify the optimum duration of the milling process, the size characterisation of 
nanoparticles should be conducted alternately with the milling process. Size characterisation process 
was conducted for each hour of dry milling and wet milling process for all samples. The amount of 
0.1g of the sample was taken from the milling bowl and diluted in 60 ml of ultra-fine water. The 
sample was stirred manually for a few minutes until the sample was dissolved completely, by naked 
eyes observation. The amount of 2 ml of the diluted sample was pumped into a cuvette to measure the 
size distribution of the particles. Surfactants are seldom used to avoid the agglomeration of the 
production of nano-sized particles [17]. Nevertheless, mango bark was proved to be able to be 
stabilised without the usage of surfactant [15]. This method is cost-efficient and no settlement after 
two weeks. Therefore, no surfactant will be used in this experiment. 
 
2.3. Stability test 
The remaining diluted samples were ultrasonicated for three hours. The sonification process is used to 
reach stability by breaking large agglomerations of mango bark nanoparticles in the base fluid. The 
viscosity of nanofluids may be reduced as the ultrasonication energy increased [34]. Then, the 
particles size distribution of all samples was measured one more time. The sonication process was 
conducted using a Powersonic Ultrasonic Cleaner (Crest Ultrasonics P1800D, sonic power: 
240V/800W, frequency: 50/60 Hz). All samples were kept at rest for two months for a sedimentation 
and observation test. 
   
3. Result and discussion 
The coarse powder of rice husk underwent a dry milling process. The temporal variation of the average 
rice husk particles size by using the dry method of ball milling process was plotted in figure 4. The size 
of nanoparticles undesirably increased gradually from 2020 nm to 6308 nm after four hours and 18 
minutes of milling durations. The particles were gradually agglomerated and highly attached like a 
piece of cookie at the bottom of the jar, as shown in figure 5. This particle agglomerations may be 
affected by the increment of the temperature inside the milling bowl as a result of high kinetic energy 
generated from the high energy impact between the balls and the milling bowl as well as the collusions 
of the samples against the wall of the milling bowl [27]. The higher the temperature, the greater the 
atomic mobility between particles and increase the diffusivity of the rice husk powder. Due to this 
condition, all milling process was conducted in the wet method by using ultra-fine water as a solvent.  
 
 
 
Figure 4. The average size of rice husk particles using dry milling 
method. 
Figure 5. Dry method grinding of 
rice husk. 
  
The comminution of rice husk in sample A and sample B were plotted in figure 6(a) and 7(a), 
respectively. The size of sample A was initially 787.3 nm and gradually decreased to 144 nm after 6 
hours of the grinding process. On the other hand, sample B was initially 6038 nm decrease to 177.2 
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nm after 5 hours of grinding. As the grinding process was further continued, the average size of 
nanoparticles increased drastically. The ultrasonication process was conducted to break the 
agglomeration between particles. The ultrasonic with the frequency of 50/60 Hz is transmitted to the 
samples of each hour. It shows that most of the comminution is decreasing in between 2-39% for 
sample A and 10-34% for sample B.  
In order to further identify the existence of nanoparticles in the sample, the particle size distribution 
(PSD) for both samples at every hour of the grinding process were plotted in figure 6(b) and 7(b). The 
black dotted vertical line in both figures shows borderline between the nano-sized region and micro-
sized particles where the size is in between 1-100 nm and the particles above 100 nm, respectively. 
The samples were begun to shift to the left toward nano-sized region after the grinding was held for 
four hours for sample A and as early as two hours for sample B. The nanoparticles were expected to 
keep increasing as the wet grinding process continued. However, there are no nanoparticles existed on 
the next two hours of grinding for sample A, and only 5% intensity of nanoparticles exist after 4 hours 
of grinding in sample B. The PSD is highly concentrated in between 100 nm until 530 nm for both 
samples. However, the PSD has shifted towards nano-sized region again as the grinding process 
continued. From the observation, as the milling process continue spinning with the centrifugal force, 
the samples were fine enough to spread out from the milling bowl through the bowl/cap rubber seal 
and spilt out from the milling media leaves the bigger particles inside the bowl. The organic-based 
sample burned out and escaped thought bowl-cap rubber gap after long hours of the grinding process, 
as shown in figure 8.       
After three hours of ultrasonication, PSD of nanoparticles increased in between 5.9-54.4% with the 
maximum intensity of nanoparticles was produced after four hours of wet milling of sample A as 
shown in figure 6(c). On the other hand, close to 32.1% intensity of nanoparticles of sample B was 
produced after two hours of the milling process, as shown in figure 7(c). The nanoparticles increased 
by 58.5% after ultrasonication for three hours to 50.9% of nanoparticles intensity. However, the 
intensity percentage shifted to the right of the graph after 4 hours of milling and back again after 5 
hours of the milling process. The maximum nanoparticles intensity is achieved after five hours of 
grinding process with 61.1% after ultrasonication process was conducted. The smallest size of 
nanoparticles is 24 nm with 0.2% intensity for sample A of rice husk and 16 nm for sample B with 
0.1% intensity.  
 
 
 
 
(a) Comminution. (b) Particle size distribution. (c) Nanoparticles distribution. 
 
Figure 6. Results for rice husk nanoparticles production (sample A). 
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(a) Comminution. (b) Particle size distribution. (c) Nanoparticles distribution. 
Figure 7. Results for rice husk nanoparticles production (sample B). 
 
  
 
Figure 8. Sample burn out and escape from milling bowl. 
 
The dry milling method was not conducted for mango bark and mango leaves. The coarse powder 
of mango bark and mango leaves produced using domestic grinding process were then wet-milled for 
seven hours. The coarse powder of mango bark and mango leaves have the average size of 1047.6 nm 
and 2560.2 nm, respectively. Figure 9(a) and 10(a) show the comminution of mango bark and mango 
leaves particles. The size of samples reduces gradually after each hour of the wet milling process. The 
sample of mango bark reached the smallest size of particles after five hours of the milling process with 
286.3 nm. However, mango leaves require a longer time to produce nanoparticles. The lowest average 
of the size of mango leaves was obtained after seven hours of the milling process, which is 454.6 nm. 
Following the same trend of rice husk nanoparticles production, the average size of nanoparticles for 
both samples increased after a specific duration of the milling process. Most of the samples were 
wasted because of the reason that the particles either burned out or escaped from the milling bowl 
through a small gap between milling bowl and its cover. The ultrasonication was presented for the 
samples that were ground for more than three hours. The ultrasonication process broke up the newly 
formed particles and reduced the average size of particles of all samples. The comminution of mango 
bark and mango leaves nanoparticles are decreased in between 4.8-35% and 5-50.5% after 
ultrasonication at each hour of milling time, respectively. 
Figure 9(b) and 10(b) display the PSD for mango bark and mango leaves. Like the previous figures, 
the black dotted vertical line shows the border between nano-sized and micro-sized particles in the left 
and the right side of graph, respectively. Mango bark and mango leaves required three hours of the wet 
milling process to allow the PSD shifted to the left towards the nano-sized region. The nano-sized 
particles of mango bark are slowly and steadily shifted to the left towards the nano-sized region as the 
duration of the grinding process increased. Nevertheless, the PSD of mango bark is highly 
concentrated in between 164 nm to 1106 nm after seven hours of the grinding process. On the other 
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hand, nanoparticles of mango leaves can only be seen after three hours of grinding and with the help 
of ultrasonication. The percentage of intensity of mango leaves is deficient with 0.2% with the size of 
91 nm. The PSD is slowly increased as the grinding duration increased. However, most of the particles 
are concentrated between 255 nm and above. After seven hours of the wet milling process, the PSD of 
mango leaves is widespread with the minimum size of nanoparticles is 59 nm, and the maximum is 
1281 nm.     
 
   
(a) Comminution. (b) Particle size distribution. (c) Nanoparticles distribution. 
Figure 9. Results for mango bark nanoparticles production. 
 
  
 
(a) Comminution. (b) Particle size distribution. (c) Nanoparticles distribution. 
Figure 10. Results for mango leaves nanoparticles production. 
 
The production of nanoparticles for rice husk, mango bark and mango leaves are summarised in 
figure 11. Overall, the ultrasonication disrupted larger particles and detached small particles and 
consequently increased the percentage intensity of nanoparticles. The highest intensity percentage of 
rice husk is reached after four hours of dry milling, five hours of wet milling and ultrasonicated for 
three hours in sample B. The size of nanoparticles is in between 24 nm to 91 nm with the total intensity 
percentage of 61.1%. Mango bark and mango leaves extracted from the raw sample were cleaned, cut, 
sundried and ground until becoming coarse powder. Then, both samples were wet ground for seven 
hours and further ultrasonicated for three hours. However, the ultrasonication was relatively ineffective 
for mango bark when the maximum percentages of mango bark nanoparticles intensity are relatively 
similar, which is 6.7% and 6.9% with and without ultrasonication respectively. Unfortunately, only 4% 
nanoparticles intensity of mango leaves were produced after six hours of milling time and three hours 
of ultrasonication before the sample was burned or wasted through the bowl/cap gap.      
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(a) Rice husk. (b) Mango bark and mango leaves. 
Figure 11. Organic-based nanoparticles production. 
 
The sedimentation test was conducted for rice husk, mango bark and mango leaves. Figure 12 shows 
the sedimentation observation for rice husk after one hour, five days and two weeks of idle time. It was 
observed that the diluted rice husk nanoparticles were unstable when the samples are slowly sedimented 
after five days. After two weeks of observation, the rice husk nanoparticles were completely 
sedimented. On the other hand, the mango bark and mango leaves were stable after two months of 
observation.    
After the production of nanoparticles for rice husk, mango bark and mango leaves was conducted, it 
can be seen that domestic grinding process followed by sieve is required to eliminate larger particles 
with smaller particles and reduce the time of nanoparticles production. Then, the process should be 
continued with the dry milling process. Even though the produced nanoparticles were undesirably 
gradually agglomerated and highly contacted with each other like a piece of cookie at the bottom of the 
jar, the size of particles was drastically reduced to 300% after the sample was continued with the wet 
milling process. The wet milling process has a critical disadvantage when the produced nanoparticles 
are small enough to spread through the bowl/cap rubber seal and spilt out from the milling media leaves 
the bigger particles inside the bow. It allows a massive amount of sample was wasted. Rice husk 
nanoparticles were able to produce for more than 60%. However, it is highly sedimented. On the other 
hand, mango bark and mango leaves require more than 7 hours of the grinding process to produce 
nanoparticles. They are stable even with the highest percentage of intensity is in micro-sized particles.  
 
  
Rice husk - One 
hour 
Rice husk - 5 days Rice husk - 2 
weeks 
Mango bark and mango leaves - 2 
months 
Figure 12. Sedimentation observation. 
 
Therefore, figure 13 is a suggested new workflow for organic-based nanoparticles production. In 
order to produce a high percentage of intensity of nanoparticles, the coarse powder of organic sample 
should further be ground using a domestic grinder and repeatedly sieve until the size of particles is 
consistent. Then, the sample should undergo a dry milling process before further wet grinding to 
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shorten the wet milling time and minimise the waste of samples. Ultrasonication process should be 
done until the percentage of intensity of nanoparticles is constant. Finally, the sample can be observed 
for its morphology and further conducting the sedimentation and stability test. The duration of dry and 
wet milling process will vary depending on the types of ball mill, size and types of milling balls and the 
rotational speed the milling bowl. 
 
 
Figure 13. The suggestion of nanoparticles production workflow. 
 
4. Conclusion 
Nanoparticles from three different types of organic-based resources, which are rice husk, mango bark 
and mango leaves were synthesised through the top-down method of the dry and wet milling process. 
Then, the samples were ultrasonicated before the process of size characterisation was conducted. This 
mechanical process produced 61% intensity of nano-sized rice husk nanoparticles after five hours of 
milling process and three hours of ultrasonication, but the samples were unstable after observation in 
five days. On the other hand, 6.9% and 4% intensity of mango bark and mango leaves nanoparticles 
were produced after five hours of wet milling process, and three hours of ultrasonication process. 
Nevertheless, the sample was remained stable after two months of observation time. However, the 
average size of rice husk, mango bark and mango leaves particles did not reach a nano-sized particle 
throughout the mechanical process. The new workflow of mechanical process for organic-based 
nanoparticles synthesis was suggested to increase nanoparticles production and maintain the weight of 
samples in the milling bowl. Mango bark and mango leaves may be used as a drag reduction additive as 
it is highly stable as compared to rice husk. 
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